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ABSTRACT
NASA’s Interface Region Imaging Spectrograph (IRIS) provides high resolution observations of the solar atmosphere through UV
spectroscopy and imaging. Since the launch of IRIS in June 2013, we have conducted systematic observation campaigns in coordina-
tion with the Swedish 1-m Solar Telescope (SST) on La Palma. The SST provides complementary high-resolution observations of the
photosphere and chromosphere. The SST observations include spectro-polarimetric imaging in photospheric Fe i lines and spectrally-
resolved imaging in the chromospheric Ca ii 8542Å, Hα, and Ca ii K lines. We present a database of co-aligned IRIS and SST datasets
that is open for analysis to the scientific community. The database covers a variety of targets including active regions, sunspots, plage,
quiet Sun, and coronal holes.
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1. Introduction
The solar atmosphere is a very dynamic region where fundamen-
tal physical processes take place at small spatial scales and short
dynamical time scales, often leading to rapid changes in thermo-
dynamic state of the plasma. Resolving these processes in ob-
servations requires high resolution in the combined spatial, tem-
poral and spectral domains. Further, the combination of multiple
spectral diagnostics, preferably with sensitivity to line formation
conditions that cover a large range in temperatures, densities, and
magnetic field topologies, are of fundamental importance for ad-
vancing our understanding of the solar atmosphere. The simulta-
neous acquisition of vastly different spectral diagnostics is possi-
ble through coordinated observations between space-borne and
ground-based observing facilities. Telescopes in space provide
unique access to the short wavelength regime with seeing-free
diagnostics of the chromosphere, transition region and corona.
Ground-based telescopes allow high resolution in photospheric
and chromospheric diagnostics, as well as high sensitivity polari-
metric measurements of the magnetic field with instrumentation
that can be far more complex than in space, and that is not lim-
ited by data transfer rates. Coordinated observations, therefore,
strongly enhance the potential to unravel connections in solar
atmosphere that span from the photosphere, through the chro-
mosphere and transition region to the corona.
The Interface Region Imaging Spectrograph (IRIS, De Pon-
tieu et al. 2014b), a NASA Small Explorer (SMEX) satellite, was
launched on June 27, 2013. It combines high resolution in the
spatial (0′′.3–0′′.4), temporal (down to 1 s) and spectral domains
(velocity determination down to 1 km/s). Spectral diagnostics
include the Mg ii h & k resonance lines (chromosphere), the C ii
lines at 1335 Å (upper chromosphere and transition region), and
the Si iv lines at 1400Å (transition region). Further, the (weaker)
O iv lines around 1400Å and Fe xii 1349Å and Fe xxi 1354Å
lines provide diagnostics on the corona and high-energy flares.
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Slit-jaw imaging in the Mg ii k core, Mg ii h wing, C ii, and Si iv
lines provides valuable context information.
IRIS offers considerable flexibility in its observing configu-
ration and for example allows a wide variety in area coverage
(i.e., field-of-view (FOV) size), temporal cadence, and choice
of spectral diagnostics. Target selection is organised through a
system with relatively short communication lines and allows for
effective coordination with ground-based telescopes and other
observing facilities. This has opened possibilities to expand
on IRIS’ rich arsenal of spectral diagnostics, e.g. by adding
photospheric and chromospheric spectropolarimetry and high-
resolution imaging in various spectral lines at and around the
area covered by the IRIS spectrograph slit.
Shortly after IRIS was launched, scientists from the Uni-
versity of Oslo and from the Lockheed Martin Solar and As-
trophysics Laboratory (LMSAL) started organising coordinated
observing campaigns with the Swedish 1-m Solar Telescope
(SST, Scharmer et al. 2003a) on La Palma. Every year, four
campaigns – typically 2 weeks each – are conducted during the
SST observing season (April – October). The SST is capable of
providing high-quality time series of spectrally resolved photo-
spheric and chromospheric diagnostics that under excellent see-
ing conditions reach the diffraction limit of <0′′.1 over the full
arcmin2 FOV. Furthermore, the versatile CRISP instrument can
provide spectro-polarimetric data that enable measurement of
the magnetic field topology. In addition, the tunable filter system
CHROMIS can simultaneously provide narrowband filtergrams
at several wavelengths in the core of the Ca ii K line.
In this paper, we describe the public release of co-aligned
IRIS and SST data. At first, the public release is restricted to data
products that share the same plate scale as IRIS (0′′.17, for easier
data analysis). This pixel scale implies that the spatial resolution
of the SST data is degraded. The release of the corresponding full
spatial resolution SST data is planned for future data releases.
2. Observations and data processing
2.1. IRIS
The IRIS telescope design and instrumentation are described in
De Pontieu et al. (2014b). IRIS acquires spectra in 3 spectral re-
gions, in the far UV from 1332 to 1358 Å (FUV1) and from 1389
to 1407 Å (FUV2), and in the near UV from 2783 to 2834 Å
(NUV). The FUV1 region is dominated by the C ii lines at 1334
and 1335 Å that are formed in the upper chromosphere (Rathore
et al. 2015a,b), the FUV2 region is dominated by the Si iv lines
at 1394 and 1403 Å that are formed in the transition region. The
NUV region is dominated by the chromospheric Mg ii h and k
lines (Leenaarts et al. 2013a,b), and further hosts the upper pho-
tospheric/lower chromospheric Mg ii triplet lines (Pereira et al.
2015) and a large number of (upper) photospheric blends in the
strong Mg ii wings (Pereira et al. 2013).
The 0′′.33 wide spectrograph slit has a length of 175′′ and can
be displaced with respect to the solar surface to build up a raster
that samples an area up to 130′′×175′′. There are several choices
of step sizes between consecutive slit positions: dense, continu-
ous sampling with 0′′.35 steps, sparse sampling with 1′′ steps, or
coarse sampling with 2′′ steps. Alternatively, the spectrograph
can record data in a sit-and-stare mode, where the slit does not
move and stays at a fixed location (with or without tracking for
solar rotation).
IRIS can take slit-jaw images (SJI) with different filters to
provide context around the spectrograph slit. The four science
SJI channels are: SJI 2796, centered on Mg ii k (4 Å bandpass);
SJI 2832, centered at 2830 Å in the Mg ii h wing (4 Å band-
pass); SJI 1330, centered at 1340 Å and dominated by the C ii
lines (55 Å bandpass); and SJI 1400, centered at 1390 Å and
dominated by the Si iv lines (55 Å bandpass). SJI images from
different channels are recorded sequentially and have the same
exposure time as the spectrograms recorded with the spectro-
graph.
Various choices can be made to reduce the data volume in or-
der to fit within the daily limits of data transfer from the space-
craft to ground stations. For each spectral line of interest, the
wavelength range can be selected to limit the data transferred, or
the spatial extent of the raster can be limited by transferring only
data from a reduced part of the slit. Other measures to reduce
data transfer are compression, data binning (spatially and/or
spectrally), and omitting one or several SJI channels (most of-
ten, SJI 2832 is omitted, although this is often done to improve
the cadence of the other SJI channels).
Taken together, the various possible choices in raster step
size, number of slit positions, slit length, SJI channel selection,
exposure time, spatial and spectral binning, compression, and
spectral line selection (line lists) constitute a considerable num-
ber of possible observing programs. These programs are identi-
fied by a unique number, the OBS number (or OBSID, for more
details see, De Pontieu et al. 2014b). The OBSID, together with
the observing date and start time, constitute a unique identifier
for each dataset (see first 3 columns in Table 1)
2.2. SST
The SST telescope design and its main optical elements are de-
scribed in Scharmer et al. (2003a). A description of upgrades
of optical components and instrumentation, as well as a thor-
ough evaluation of optical performance is provided by Scharmer
et al. (2019). An adaptive optics system is fully integrated in
the optical system (Scharmer et al. 2003b) and was upgraded
with a 85-electrode deformable mirror operating at 2 kHz in
2013. A dichroic beamsplitter divides the beam on the opti-
cal table into a red (> 500 nm) and a blue beam. Both beams
are equipped with tunable filter instruments: the CRISP imag-
ing spectropolarimeter (Scharmer et al. 2008) on the red beam,
and the CHROMIS imaging spectrometer on the blue beam.
Both CRISP and CHROMIS are dual Fabry–Pérot filtergraph
systems based on the design by Scharmer (2006) and are ca-
pable of fast wavelength sampling of spectral lines. Before the
installation of CHROMIS in September 2016, the blue beam
was equipped with a number of interference filters, including a
FWHM=10 Å wide filter for photospheric imaging at 3954Å,
and a FWHM=1 Å wide filter centered on the Ca ii H line core at
λ = 3968Å (see Löfdahl et al. 2011). CRISP has a pair of liquid
crystals that allows measurements of circular and linear polari-
sation in for example the photospheric Fe i 6173Å, Fe i 6301Å,
and Fe i 6302Å lines, and the chromospheric Ca ii 8542Å line.
CRISP has a plate scale of 0′′.058 per pixel and the SST
diffraction limit λ/D = 0′′.14 at the wavelength of Hα (with the
telescope aperture diameter D=0.97 m). The transmission pro-
file of CRISP has FWHM=60 mÅ at the wavelength of Hα.
CHROMIS has a plate scale of 0′′.038 per pixel and the SST
diffraction limit is 0′′.08 at the wavelength of Ca ii K. The trans-
mission profile of CHROMIS has FWHM≈120 mÅ at the wave-
length of Ca ii K. The FOV of CRISP and CHROMIS is ap-
proximately 1′×1′. Note that sunlight from the SST is split by
a dichroic beam splitter such that CRISP and CHROMIS can
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operate independently and in parallell, without reducing the effi-
ciency of either instrument.
Image restoration by means of the multi-object multi-frame
blind deconvolution (MOMFBD, Löfdahl 2002; van Noort et al.
2005) method is applied to all data to enhance image quality
over the full FOV. MOMFBD restoration is integrated in the
CRISP and CHROMIS data processing pipelines (de la Cruz
Rodríguez et al. 2015; Löfdahl et al. 2018). These pipelines in-
clude the method described by Henriques (2012) for consistency
between sequentially recorded liquid crystal states and wave-
lengths, with destretching performed as in Shine et al. (1994).
The CRISP and CHROMIS instruments include auxiliary wide-
band (WB) systems which are essential as anchor channels in
MOMFBD restoration. Furthermore, they provide photospheric
reference channels that facilitate precise co-alignment between
CRISP and CHROMIS (or blue beam filters before 2016) data,
or co-alignment with data from IRIS and the Solar Dynamic Ob-
servatory (SDO, Lemen et al. 2012).
2.3. SST observing programs
The SST observing programs vary from campaign to campaign,
often also during campaigns depending on the target and science
goals. Common to all datasets in the database is the inclusion
of a chromospheric line, Hα or Ca ii 8542 Å, and often both. In
order to keep the temporal cadence below 20 s, the Ca ii 8542 Å
observations were most often in non-polarimetric mode.
During the 2013 and 2014 observing seasons, photospheric
spectro-polarimetry was limited to one single position in the blue
wing of the Fe i 6302 Å line. The Stokes V maps serve as effec-
tive locators of the strongest magnetic field regions and polarity
indicators.
During later campaigns, spectral sampling of photospheric
Fe i lines was extended. These observations were subjected to
a fast and robust pixel-to-pixel Milne-Eddington inversion pro-
cedure. The parallel C++ implementation (de la Cruz Rodríguez
2019) is based upon the analytical intensity derivatives described
by Orozco Suárez & Del Toro Iniesta (2007) and an efficient
Levenberg-Marquardt algorithm that is described in de la Cruz
Rodríguez et al. (2019).
Example line of sight magnetic field strength (BLOS) maps
from Fe i 6173 Å inversions are shown in Fig. 1, for observ-
ing dates 2015-Jun-26 and 2015-Sep-17. The database contains
maps of BLOS, plane of the sky magnetic field strength Bperp, and
LOS velocity from these ME inversions.
2.4. IRIS and SST co-alignment
For the co-alignment of the IRIS and SST data, we employ cross-
correlation of image pairs that are morphologically as similar as
possible. Most often, the SJI 2796 and Ca ii 8542 Å wing (at 0.8 –
1.2 Å offset from line core) or Ca ii K wing prove to show similar
enough scenes to give satisfying results. This is particularly true
for more quiet regions with the characteristic mesh-like pattern
from acoustic shocks and the surrounding network of high con-
trast bright regions. For active regions with enhanced flaring ac-
tivity or large sunspots, the SJI 2796 and Ca ii 8542 Å wing pair
can have more dissimilar scenes and therefore the co-alignment
can be less reliable.
The combination SJI 2832 with CRISP WB or Hα far wing
gives excellent co-alignment results since both channels show
pure photospheric scenes. However, SJI 2832 is not always se-
lected for the IRIS observing programs to limit the data rate and
improve the cadence of the other SJI channels.
Before cross-correlation, the plate scales between image
pairs are matched. Offsets are then determined by cross-
correlation over a subfield of the common FOV of image pairs
that are closest in time. Examples of such subfields are outlined
by white rectangles in Fig. 1. The raw offsets are then smoothed
with a temporal window to account for jitter due to noise. The
offsets that are applied to the data are interpolated to the relevant
time grid of the particular diagnostic.
The precision of the alignment is limited by a number of
factors. Formation height differences between the diagnostics
used for cross-correlation may introduce a systematic offset that
is difficult to account for. This is probably of limited concern
for cross-correlation between photospheric diagnostics involv-
ing SJI 2832, but more uncertain between SJI 2796 and the
Ca ii 8542 wing. The systematic offset may be higher for oblique
observing angles towards the limb and may also depend on the
type of target (for example active regions with flaring activity
that appears less prominent in the Ca ii 8542 wing than in Mg ii k
core). Further, varying seeing conditions at the SST inevitably
lead to image distortions that cannot be fully accounted for in
post-processing. We estimate that the co-alignment can be as
good as smaller than the IRIS pixel size of 0′′.17 (in the case
of SST data taken under excellent conditions and closely match-
ing diagnostic pairs in the cross-correlation). However, we also
see local offsets due to image warping that can be as large as ∼2
IRIS pixels. These local offsets vary in magnitude proportionally
with the seeing conditions.
For the current release of data to the database, the IRIS data
is kept as reference. This means that the SST data is down-
scaled to the IRIS plate scale (for CRISP with a factor 2.9, for
CHROMIS with a factor 4.4), rotated and clipped to match the
IRIS FOV and orientation, and clipped in time to match the IRIS
observation duration. We have also applied the reverse approach,
keeping at least the SST data at its superior spatial resolution for
analysis in earlier publications. These types of data products are
considered for future data releases but we note that the quality
control is a laborious effort, partly due to the alignment uncer-
tainties outlined above.
3. Data in the database
Table 1 gives an overview of varies parameters that characterise
data sets in the public database. There is a variety of targets in-
cluding quiet Sun, coronal holes, enhanced network, active re-
gions with and without sunspots, and plage.
The data can be accessed through the database accessible
through the public web portal at the IRIS web pages at LMSAL1.
The data products that are publicly released are FITS files in so-
called IRIS level 3 format. Level 3 data are data cubes that are
a recast of the standard IRIS level 2 data files. Level 2 data are
the science-ready data files that have been processed to include
corrections for dark current and flat field, geometric distortions
and wavelength calibration. The level 3 are 4-dimensional data
cubes with (x, y, λ, t)-axes with the spatial x-axis along the raster
slit positions, the spatial y-axis along the spectrograph slit, the
λ-axis along the wavelength dimension, and t the temporal axis.
The level 3 data cubes in the database can be readily accessed
with CRISPEX (Vissers & Rouppe van der Voort 2012; Löfdahl
et al. 2018), a graphical user interface written in the Interactive
1 https://iris.lmsal.com/search/
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Data Language (IDL). It allows side-by-side browsing and ba-
sic time-series analysis of the IRIS rasters, SJIs and CRISP or
CHROMIS data. CRISPEX is distributed as part of the IRIS
package in SolarSoft IDL and can also be downloaded2 sepa-
rately, however it requires SolarSoft for full functionality when
inspecting the IRIS-SST data. Tutorials for its use are available
online.2,3
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Fig. 1. Sample images from three different datasets. Each row shows four different diagnostics. The first two images on each row show the channel
pairs that were used for IRIS/SST co-alignment, the area outlined by the white rectangle marks the region used for cross-correlation to determine
offsets. The SST images are down scaled to IRIS plate scale.
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